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ABSTRACT

Quality Function Deployment (QFD) is a methodology for butdithe "Voice of the
Customer” into product and service design. It is a tool lwitigptures customer requirements and
translates those needs into characteristics about a pradsenvize. In the Quality Function Deployment
(QFD) process, decision making is an essential and trtask. QFD is an extensive process that
contains loads of data and involves complex calculations ngaki more tedious for designers and
engineers to deal manually with this data. Moreover, dinedraditional QFD exercise encounters some
problems like - use of linguistic expressions and crispeslfuzzy concepts are to be employed for
better results. Thus a need for efficient fuzzy ireeenQFD software is highly recognized in the QFD
software market. Softwares can be suitably designed td maeket requirements only when the
associated data are meticulously examined and customes aeedbetter understood. To this end, the
paper aims to analyze the QFD process from both viewgeiftraditional as well as Software so as to
mine valuable information which can be used for the dgreént of QFD software. It then talks about
the shortcomings in the available ones and the feategesred. Finally it concludes with the discussion
of fuzzy concepts and its incorporation in the QFD saféwd&he result of this work will assist the
software developers in understanding the QFD procesk choosing the appropriate tools for

development of QFD software.
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INTRODUCTION

QFD is a total quality management (TQM) tool ubiquitousised for quality product
development. Yoji Akao defined QFD as “a method for devetppirdesign quality aimed at satisfying
the consumer and then translating the consumer's demamdsideign targets and major quality
assurance points to be used throughout the production phasehliygical misunderstanding of many
QFD users is the reduction of the QFD methodology [2] tdtbese of Quality [3]. QFD means more
than the House of Quality. There are many other toolg.(¥oice of the Customer Table, affinity- and
tree-diagrams, comparisons in pairs, importance satisfaptirtfolios, Pareto-analyses, etc.) for
analyzing customer needs and satisfaction, gathering amdligirg market information, etc [4]. Quality
Function Deployment (QFD), identified as the implementatiehiate of Total Quality Management

(TQM), has been proposed as an effective approach fdementing quality improvement programs.
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Although several QFD softwares are available in the maddgy, but either they lack some
required features or are not user friendly. The commakycavailable QFD software packages do little
more than manipulating a House of Quality. Further, theirrinson manuals show QFD as it was
practiced more than 20 years ago [5]. Also, the conventional €€krise has some problems like - use
of linguistic expressions and crisp values which yields iristerxcy in the results. The issue can be
better addressed using fuzzy QFD. As a result, therepiessing need for user-friendly and efficient
QFD software.

In this regard, the paper, analyzes QFD from both viewpeirfraditional as well as Software.
In the software viewpoint section, need of QFD sofewahortcomings in the available ones, desired
features in the QFD software are discussed. The sectism @iscusses fuzzy concepts and
implementation in the QFD software. Software analysis BD®asically focuses on highlighting the
nature and important modules of QFD so as to mine vitailgeéhat could assist software developers in
developing efficient QFD software. The result of tisrk will greatly assist the software developers in
understanding the QFD process and choosing the appropriatéotodés/elopment of QFD software.

QUALITY FUNCTION DEPLOYMENT (QFD): TRADITIONAL VIE ~ WPOINT

QFD was first introduced in Japan by Akao in 1966 [6]. Qudlinction deployment is a
system to assure that customer needs drive the produghdmsdl production process. It is a TQM
technique that provides a means of translating custonggireenents into the appropriate technical
requirements for each stage of product development. Qualhction Deployment (QFD) is one of the
key quality systems of TQM which was built to assure vabueustomers [7]. The true meaning of the
phrase QFD is customer driven product (or process vicegrdevelopment. It is a system for translating
customer requirements into appropriate company requireraeptch stage, from research and product
development, to engineering and manufacturing, to maddstiles and distribution. QFD is a
disciplined, systematic method that ensures the voice &f ctistomer is heard throughout the
development, manufacturing, and product launch processes. Sortf@as&FD is a way to "neutralize

the voice of the executives or engineers" [8].

QFD is based on the widely used Four Phase Model whichdsaus the quality deployment
part of Akao’s comprehensive QFD framework. The firstrmmacorresponds to the House of Quality
(HOQ), which transforms customer requirements into measurplality elements. The most important
of these quality elements are then set against theaateaistics of possible product components in a
second matrix. These in turn correlate with the centigss parameters in the third matrix, which are
connected with definite production plans and means of productioheirfourth matrix. So the four
phases represent product planning, component planning, pmaasing and production planning. QFD
is an innovative approach bringing quality as demanded bgusimers — upstream into the product
development process. Quality Function Deployment is gesyaic process for helping a business to
focus on its priorities, investments and its customers. AM@o is widely regarded as the father of QFD
and his work led to its first implementation at the MitshibiHeavy Industries Kobe Shipyard in 1972.
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The QFD comprises of several different rooms which areiesgdlly filled in order to achieve an

actionable translation from requirements into charactesisHOQ is formed by closely linked building

blocks.

The major advantage of the QFD process is that it encesinagactive product development
instead of reactive product development (Figure 1). Proaptiv@uct development results in fewer and
earlier design changes, decreased development time, fewarsiaoblems, lower start-up costs, fewer
field problems, and a more satisfied customer. A lesfab, though equally important, benefit of QFD
is that it facilitates organizational knowledge transfer estdblishes a proprietary knowledge base. The
matrices that are generated during a QFD project makeothe flow obvious and act to preserve
technical and customer knowledge. This affords others in ithanization the opportunity to easily

access and use the accumulated knowledge [8].
THE HOUSE OF QUALITY

The "House of Quality" (HOQ) matrix is the most recognifauin of QFD. It is utilized by a
multidisciplinary team to translate a set of customeguirements into an appropriate nhumber of
prioritized engineering targets to be met by a new prodasign. HOQ is the matrix which analyses
customer requirements in detail and translates them hstaléveloper’s language [9]. There are many
slightly different forms of this matrix and this ability be adapted to the requirements of a particular
problem or group of users forms one of its major stren@hality Function Deployment uses the House
of Quality (HOQ) as a visual model (Refer Fig. 1).n€elly speaking, the HOQ is the matrix which
analyzes customer requirements in detail and tranglaes into the developers’ language. The HOQ is

the framework of most of the matrices used in QFD.

In QFD approach, the matrix to be built is the Produahihg Matrix, also called House of
Quality due to its house-like shape. Its purpose is tskage important customer requirements regarding
product quality into key end-product control characterisfitee HoQ is the framework of most of the
matrices used in QFD. Quality Function Deployment usedHouse of Quality (HoQ) as a visual model
(Fig. 1). The central tool of the Quality Function Deployirisrthe matrix chart called House of Quality.
This tool is a powerful way of generating specific, ptiped, and measurable technical requirements
from often ambiguous customer needs. It generally csnsissix different areas, also called by the
generic names of WHAT, HOW, WHAT-HOW, WHY, HOW-HOW, aR®W MUCH. The basic idea
is to set certain requirements that are given (WHAT) ag@&msIAT-HOW) possible technical solutions
(HOW). To make the house complete, concrete information atheuexistence of the requirements
(WHY), the existing correlations among the possible tedinsolutions (HOW-HOW) and detailed
development targets (HOW MUCH) are added. However, tigeseric names don't fit the original
content of the HoQ, because customer requirements regpeesent the reasomghy something is
demanded and the product characteristics indivhé exactly is demanded. Creating the HoQ is often
mistaken to be the same as QFD, it is only one matrbngnseveral, although the most important one.
Despite this, applying QFD always leads to the creatibthe HoQ to form the basis for all further
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activities. It is also for this reason that the HoQ espnts the heart of any QFD application in product

planning.
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Figure 1: Basic Building Blocks of QFD - House Of Quaty

QFD - SOFTWARE VIEWPOINT
QFD Software: Need and Shortcomings

QFD is very powerful as it incorporates the voice of ¢hstomer in the designs - hence it is
likely that the final product will be better designed tas$atthe customer's needs. QFD is applied in the
early stages of the design phase so that the customer aranitscorporated into the final product. In
companies, the designers and engineers often have to ideawaluations in decision making process
with respect to product design and development. However these thingsrgeomplicated and tough

due to the nature of traditional QFD exercise.

QFD makes use of a set of matrices. The process igthleane which involves large amount
of data and complex calculations. As a result, dealing wehddta manually is quite cumbersome and
time consuming. The issue can be better handle with the fuseitable software. However, the
production of software calls for techniques such as spetifigadesign, implementation, testing, and
maintenance. Essential to performing the last threeeghafssoftware development is the selection of a
programming language that acts as an implementation vehicdati@ a software system using a
software engineering process contains three main taskhases: the functions and features of the
expected software have to be defined, the software Hasitoplemented and it has to be deployed in an

operating environment. The functions and features ofxtpecaed software are called requirements [10].
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As a result, the companies involved in QFD are continuouslitiregdor efficient QFD
software that could assist designers and engineers to evatmpary’'s decision making process with
respect to product design and development. Software is an il&arnmioduct that is not always
conducive to explicit acceptance measures. Design aetsnaee coupled and interdependent, which is
different from physical designs that can be deconstruotedndependent but functional sub-assemblies,
parts and components [11].

Commercial QFD softwares currently available in the maduffer from the limitation to
simply draw matrices. Moreover, some applications ewhtd address the House of Quality tool
entirely. Some even rely on spreadsheet technologhditding their Houses of Quality (HOQs)he
QFD-software should provide not only means of entering datariatdces and print them out, but also
helps to generate, compute and analyze the data. Moremwerentional QFD exercise has some
problems like - use of linguistic expressions and crispeshhich yields inconsistency in the results.
The issue can be resolved using fuzzy QFD.

Desired Features of a QFD Software

QFD software should aim to create and maintain Quality tfamdeployment matrices.
Suitable QFD software can not only assist a company diside making process but also helps in
executing the process with more accuracy and speed. Maorda general, a good software program is
meant for things that are difficult, time-consuming, impossible to do otherwise. Software can be
defined as programs, procedures, rules and any assbd@tamentation pertaining to the operation of a

computer system [12].
1. It should function beyond drawing matrices and tables.
2. It should be user friendly and efficient
3. Itshould be fast and simple in usage to prepare tabtesatrices.

4. It should primarily aim at the following primary charagstics: functionality, reliability,

usability, efficiency and maintainability.
5. It should help in planning products, services or strategitsfewer corrections.
6. It should provide help facility
7. It should support strong interaction with other applaradi
8. It should support import and export operations.
9. It should offer great ease of operability

10. It should be of great help to engineers and designers in theomeiaking process with respect

to product design and development.
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QFD - Fuzzy Aspects

QFD is an exercise that has some problems like - uBegufistic expressions and crisp values
which yields inconsistency in the results. Although the ¢pafia product can be dramatically improved
through a QFD exercise, the traditional crisp scorapproach has a major drawback. A wrong
conclusion can be easily produced since the fuzzy nature ofdiingcorrelation terms from evaluation

members is ignored. To overcome this problem, fuzzy scoringfpristic terms can be utilized.

Fuzzy logic and fuzzy sets were introduced in 1965 lojeBsor L.A. Zadeh. Fuzzy logic uses
human linguistics (word or sentences) understanding to expgredenbwledge of a system. Fuzzy set
theory has been proven as a useful tool in modeling the intuitignemass, and imprecision presented
in descriptions of a decision-making or optimization problé&s].[Fuzzy analysis is capable of dealing
with qualitative or imprecise inputs from designers bgotibing the performance of each criterion with
some linguistic terms, such as “good”, “poor”, “mediurgt. These linguistic terms can be represented
and manipulated based on fuzzy set theory. Symmetricahgiuiar Fuzzy Numbers (STFNs) can be
employed to capture the vagueness. Use of fuzzy condegliffeaent sections of QFD has already been
reported in various articles. A scope for fuzzy conceptbet implemented broadly exists in QFD.
Presence of fuzzy implementations in the QFD Softwaregnglatly benefit the process in bringing more
accurate results. This knowledge consists of facts;epts, theories, procedures, and relationships and is
expressed in the form of IF-THEN rules. Linguistic whfes are characterized by ambiguity and
multiplicity of meaning. Specifying good linguistic vaias depends on the knowledge of the expert.
For example “age” is a linguistic variable if its values &oung”, “not so young”, “old”, and “very

old”. In fuzzy logic theory, a linguistic variable can benamber of more than one group.
Fuzzy logic exhibits some useful features for exploitaitio@FD. These include:
1. Ituses human linguistic to express the knowledge of thersys
2. It allows decision making with estimated values under incetagdr uncertain information.
3. ltis suitable for uncertain or appropriate reasoning.
4. Interpretation of its rules is simple and easy to unideds
5. It deals with multi input and multi output system.

Various inputs, in the form of judgments and evaluatians needed in the QFD charts.
Normally, these inputs are gathered through questiormaileep interviews, and focus groups. This
gives rise to uncertainties when trying to quantify tHferimation. Fuzzy logic can be used, in order to

reduce the uncertainty of the collected data [16].
QFD - Software Analysis

A software development process can also be defined asoé aetivities needed to transform
the user requirements into a software system [13]. Sofhautomation of an application has never been

simplistic. Moreover the task gets more difficulthietbusiness to automate happens to be too lengthy as
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it may involve the presence of massive data, numerous cattidathd more time-consuming processes.
Automation of such task enforces meticulous examinatiothefprocesses involved, gathering of data
and then transcripting these data into the technical fhaleffective utilization. Besides, it also concerns
with the tools selected for the automation purpose. The s@ftilevelopment of an application involves
looking into various aspects and is a very detailed proBesslopment of a software application can be
accomplished using different programming tools however whates importance is not the completion
of task but the flexibility and efficiency that it offe However, the methodology comprises of
understanding the data flow of QFD and then highlighting the roamponents of the QFD. The
important phase in any software development process al/zamy the business meticulously. The
analysis comprises of studying the business from traditias well as software development point of
view. QFD uses a series of matrices to document irdtbom collected and developed and represent the
team's plan for a product. The QFD methodology is based ysterss engineering approach consisting

of the following general steps:
1. Ohbtain product requirements or technical characteristics éustomer needs
2. Build product concepts to satisfy these requirements.
3. Evaluate product concepts to select most optimum (ConceptiSel&tatrix).

4. Partition system concept or architecture into subsystenassemblies and flow-down higher-

level requirements or technical characteristics tedlibsystems or assemblies.

5. Derive lower-level product requirements (assembly or panackeristics) and specifications

from subsystem/assembly requirements (Assembly/ParoPagint Matrix).

6. For critical assemblies or parts, flow-down lower-legeoduct requirements (assembly or part

characteristics) to process planning.
7. Determine manufacturing process steps to meet theseldgsmrpart characteristics.

8. Based in these process steps, determine set-up requisenpeotess controls and quality

controls to assure achievement of these critical assesnlplgrt characteristics [14].

QFD is an exercise that comprises of set of matritgsa lengthy process, involves
understanding many concepts, dealing with massive data andesoogitulations. QFD also includes
presenting data in hierarchical tree format and repreggttie data in graphical form. QFD is based on
the widely used Four Phase Model which focuses on the quddiployment part of Akao’s
comprehensive QFD framework. The four phases represent prptuuiing, component planning,
process planning and production planning. HoQ is the heartyoQ&D application. In addition to the
"House of Quality" matrix, QFD utilizes several managamand planning tools and some main
processes which are used in many of its procedures: mbewof techniques have to be combined in
order to get all information that is necessary to fdnmatrices and to exhaust the potential of QFD as

far as possible.
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1. Voice of Customer
2. Brainstorming

3. Affinity diagrams.
4. Benchmarking

5. Hierarchy trees.

6. Matrices and tables

Complex
Calculations

SEt Ofmatrices

Hierarchical Trees Tze of Charts and
Graphs

Figure 2. Parameters Involved in QFD

Fig. 2 explicates the nature of QFD. Automation of aboveimeed modules will involve
presenting data in hierarchical tree format, represertiagdata in graphical form and dealing with
external operations. In voice of customer section, the oetg come from several sources so the
software can support import and export data operatiorEn®orming relates to extracting the useful
data from the collection and then organizing these dataghrthe use of affinity process. Benchmarking
can be considered as making competitive analyses andrésvgleater computations. The task can be

accomplished through the use of suitable tools and thus egquimok for suitable ones.

Moreover, there are many scales used in HOQ process dasuneedifferent concepts. The
linguistic terms people use to express their judgmentsvagae in nature. Using precise numbers to
represent linguistic assessments are although used but arermeeasonable. Thus fuzzy numbers can
be assigned to linguistic assessments to capture uenass. For example, instead of using numbers 1
and 9 to represent “very weak” and “very strong”, Symmditti@angular fuzzy numbers (STFNs) can be
better assigned as [0.5,1.5] and [8.5, 9.5] for these two $tig@issessments. Here an STFN, in the form

of [a, c], is a special fuzzy set representing a fuzmcept “approximately b” where b = (a +c) / 2 [17].

Analysis of QFD reveals that the QFD process can be lzettemated with the general purpose
programming language. Besides the general features requiaeg ianguage, some functionality like —
displaying data in hierarchical tree structure, displayingrtshand graphs, drag and drop operations,

strong database interaction etc., are required to be implechemt QFD. Fuzzy concepts can be
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incorporated in QFD software to remove the vaguenessgandrate the values with more accuracy.

Symmetrical Triangular Fuzzy Numbers (STFNs) can be eyeglto capture the vagueness.

CONCLUSIONS

Albeit several QFD softwares are available in the ntabke still the dearth of suitable QFD
software terribly exists. Moreover, to capture the ‘eamss in people’s linguistics assessments,
incorporation of fuzzy concepts in the QFD softwardighly sought for. In this regard, here, QFD is
analyzed from traditional as well as software viewpoiltgough the presented research, an attempt has
been made to bring out every important fact by analyziagdRD process meticulously in order to help
QFD software developers. In the traditional study viewpotmnventional QFD process has been
discussed while in the software viewpoint study, QB been analyzed from the software development
perspective. Important modules in QFD and their nature afifuming have been discussed and possible
automation of these has been presented in the softwalgsiansection. This section also briefs the
suitability of programming language in this regard. Furtlogey concepts in QFD and their (STFNs)
implementation have been discussed. Once the nature of iQkDderstood then the selection of
appropriate tools can be efficiently done. Thus, it has besdized that the research work presented here
will certainly help in knowing the QFD process, selecting &ppropriate tools and thus developing the
efficient fuzzy integrated QFD software for better desisinaking and product development.
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